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A PRIMER OF WOOD PRESERVATION.* 
THE RETARDATION AND PREVENTION OF DECAY. 
THE cost of wood is to-day a big item to every 
farmer, every railroad manager, every mine owner-to 
everyone, in fact, who must use timber where it is 
likely to decay. How to reduce the expense of fence 
posts, railroad ties, mine timbers; telegraph poles, and 
other timbers which must constantly be replaced has 
become a vital problem. The kinds of timber used for 
these purposeS' are becoming scarcer and scarcer and 
their prices higher and higher. Long misuse of the 
forest has brought its sure result. Even with the most 
efficient management it would be a long time before the 
supply of the best timbers would increase in quantity 
or decrease in price. 
There are two ways in which the situation may be 
met. One is to prolong the life of the forest by wise 
uS'e; the other is to prolong the life of timbers in 
service by treating them with some preservative. It is 
the second of these methods of economy which is the 
subject of this circular. 
It is easy to see that if the length of time timbers 
can be used is doubled, only half as much timber will 
be required as before and only one-half as much money 
will need to be spent in the purchase of timber. ThiS' 
is the chief gain in treating wood with preservatives. 
Yet there is another and important one. Many woods, 
which for a long time were considered almost worthless, 
can be treated and made to last as long as the scarcer 
and more expensive kinds. This of course means that 
the consumer will have the choice of a much greater 
number of woodS' than he had before and at less cost. 
Wood preservation, then, prolongs the life of tim­
bers in use, reduces their cost, and gives to the user a 
wider choice of woods than ever before. 
Methods of preservation must be varied for different 
localities and different kinds of wood, and the Forest 
Service has issued several pUblications which deal with 
the problems preS'ented in different regions. These 
publications and detailed information can be had upon 
application to the Forester. 
WHAT DECA Y IS. 
The decay of a plant body, such as wood, is not an 
inorganic process like the rusting of iron or the 
.crumbling of stone, but is due to the activities of low 
forms of plant life called bacteria and fungi. Bacteria 
are among the simplest of all forms of life, often con­
sisting of but a single cell, microscopic in S'ize. Some­
times several such cells may be attached to each other, 
and so form a thread or filament. Usually they are 
colorless, and multiply by the division of the parent 
cell into other cells, which, in turn, divide again 
Fungi, although much more complicated than bac­
teria, are also low in the scale of creation when com­
pared with familiar flowering plants and shrubs. They 
consist merely of tiny threadS' or hyphre, which are 
collectively known as the mycelium. In many of the 
higher fonns of fungi the threads grow together to 
form compact masses of tissue. Familiar examples of 
these forms are the toadstools, which grow on damp, 
rotting logs, and the "punks," or "brackets," on the 
trunks of trees in the forest. 
The causes of decay in wood, however, are not these 
fruiting bodies themselves. Spores, very primitive sub­
stitutes for seed, which are borne in the countless 
compartments into which the under surfaces of the 
fruiting bodies are sometimes divided, are produced 
in infinite number, and are so fine that they can be 
distinguished only by the microscope. When seen in 
bulk they appear as the finest dust. Like dust, they are 
carried by the wind and strike all portions of the sur­
rounding objects. Few species of fungi successfully 
attack healthy living trees, and only a comparatively 
small number can attack and destroy wood. Yet the 
spores of some find a lodging in dead portions of a 
tree or in cut timber, and, if the wood is moist and in 
the right condition for the spore to grow, it germinates 
and sendS' out a thin, filmlike white thread, which, by 
repeated branching, penetrates the entire structure of 
the wood. These are the real agents of decay. 
This is not the only way that a fungus can enter a 
sound stick of timber; for if a good stick is lying 
close to a rotting one, the mycelium may grow over or 
through the moist ground and so reach the sound stick, 
which it immediately attacks. Sometimes, too, when a 
tree is cut it already has a funguS' growing in its wood. 
If the fungus happens to be a true parasite-that is, if 
it can grow only in livlng tissues-it will die when 
the tree is felled,; but if it has been accustomed to 
growing in the heartwood of the tree, which is prac­
tically dead, it may continue to live and develop even 
after the tree has been sawed into timber. 
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Wood is composed of minute cells. The chief material 
of the cell-walls is a substance called cellulose, and 
around this there are incrusted many different organic 
substances known collectively as lignin. Most of the 
wood-destroying fungi attack only the lignin; others 
attack the cellulose alone, while a third class destroy 
all parts of the wood structure. The lignin and the 
cellulose are dissolved by certain substances secreted 
in the fungi, and thus serve as food for the fungus 
growth. In this way the fungi can develop until they 
extend throughout every portion of the timber. After 
a time the amount of fiber changed into food and 
assimilated by the fungus causes the wood to become 
discolored. Discoloration may also be produced by pig­
ments in the fungus or secreted by it Finally so 
much of the wood fiber is eaten away or changed in 
compoS'ition that its strength is greatly diminished, the 
texture becomes brittle and disconnected, and the wood 
is said to be "rotten." 
But food is not the only thing that a fungus requires 
for its growth and development. It must also have 
heat, air, and moisture. If any one of these is lacking 
the fungus cannot develop. The necessary heat is sup­
plied by almost every climate, and it is only in rare 
caseS', as under water or deep under the surface of the 
ground, that air can be excluded from the timber. Of 
the four requirements, therefore, two are beyond con­
trol. It is only by depriving the fungi of food or mois­
ture that the destruction they cause can be prevented. 
HOW DECAY CAN RI<� m�TARDF.D. 
By Seasoning.-The simplest way of prolonging the 
life of timber exposed to the attack of wood-destroying 
fungi is to redu.ce the moisture content of the wood. 
The amount of water in green timber varies according 
to the part of the tree from which the wood is cut. 
The outer layers of the trunk are composed of sap­
wood, the cells of which contain large amounts of 
organic S'ubstances which serve excellently as food for 
the fungi. Moreover, sapwood always contains a large 
amount of water. It is the portion of the tree, there­
fore, most susceptible to attacks from fungi. Heart­
wood, which can usually be distinguished from sap­
wood by its darker or more reddish color, contains, on 
the other hand, much less moisture. It is therefore 
more durable than sapwood. But because itS' pores are 
stopped up by gums and resins it dries out much less 
rapidly than the more porous sapwood. In almost every 
case as much care should be taken thoroughly to dry 
out the heartwood as in the case of the moister sap­
wood. 
By piling the timber so as to permit free access of 
air all around it the moisture content of timbers of 
certain sizes can be reduced to about 15 or 18 per cent. 
Of course the climate has a great influence on the rate 
at which the wood dries out and the total amount of 
moisture it loses. 
The moisture content of air-dry wood can be still 
further reduced by kiln-drying; and this is employed 
to a considerable extent, but usually for other pur­
poses than increasing the durability of the wood. 
Moreover, either air-dry or kiln-dry wood haS' the power 
to reabsorb moisture when exposed to-the atmosphere 
in damp situations, and so the benefits of drying, as 
far as durability is concerned, are only moderate. Yet 
the increased life which it gives is, in nearly all cases, 
more than sufficient to repay the cost of the seasoning. 
The .strength of partially seasoned timber, other 
things being equal, increases as the amount of mois­
ture it contains decreases. Thoroughly seasoned timber 
of small sizes is sometimes three or even four times as 
strong as' the same timber, when green. Moreover, dur­
ing the process of drying out, important but little un­
derstood changes take place in the organic contents 
of the wood cells, by which the wood is not only ren­
dered less attractive to fungi, but is made more per­
meable and so better prepared for preservative treat­
ment. All timber should be thoroughly seasoned before 
being exposed to .decay. 
An exterior coating secured by dipping a post in a 
thin solution of cement or other material that will 
harden on the post is not an effective protection, be­
cause in shrinking or swelling the wood forms cracks 
through which decay enters. 
By Chemical Impregnation.-By far the best method 
of checking the growth of fungi, however, is to deprive 
them of food. This can be done by injecting poisonous 
substances into the timber, and so changing the or­
ganic matter from foods suitable for fungi into power­
ful fungicides. It is a mistake to suppose that the 
germs of decay are inherent in the wood, and only need 
an opportunity for development to bring about its de­
struction. Several processes for the preservation of 
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wood have been founded on the false assumption that 
it is necessary to destroy the "germs" in the interior 
of the timber. The impression doubtless arose from 
the fact that, after a stick of timber begins to rot, it 
is impossible to tell just where the fungus spores ger­
minated and gained entrance into the timber. More­
over, the fact that the interior of the wood may have 
reached an advanced stage of decay before there are 
any external evidences of the fungi-such as fruiting 
bodies, or films of mycelium-tends to convince the 
casual obS'erver that decay starts from the interior. 
Yet the wood-destroying agencies start from the outside. 
This explains the efficacy of certain paints which 
merely fonn a superficial coating over the surface of the 
timber, but which are poisonous enough to prevent 
the spores from genninating, or the hyphre of most 
forms of wood-destroying fungi from penetrating into 
the unprotected wood in the interior. The ancients 
were in the habit of painting their statues with oily 
and bituminous preparations to preserve them from 
decay. The great wooden statue of Diana at Ephesus, 
which was supposed to have descended miraculously 
from heaven, was protected from earthly decay by 
oil of nard. Pettigrew extracted the preservative fluids 
from the heart of an Egyptian mummy that had re­
sisted decay for over 3,000 years, and found that de­
compoS'ition immediately set in. This showed that it 
was the presence of the antiseptics which prevented 
decay, and not a chemical change of the tissues. 
PRESERVATIVES AND PROCESSES IN THE UNITED STATES. 
Of the many antiseptics which have been proposed 
for the preservation of timber only four have been 
largely used with success in the United States. These 
are creosote, zinc chlorid, corrosive S'ublimate (bi­
chlorid of mercury), and copper sulphate. At the 
present time copper sulphate has fallen into almost 
total disuse, and corrosive sublimate is restricted to 
two plants in New England. The use of this latter is 
the so-called "kyanizing" procel:lS' which is so fre­
quently referred to in all the literature of wood pre­
servation. In general, the process consists in steeping 
the timber in a dilute solution of corrosive sublimate 
long enough to insure thorough penetration . 
Creosote and Zinc Chlorid.-Thus in the United 
States creosote and zinc chlorid are the only preserva­
tives in common use. There are many other patented 
substances known by various names; but most of them 
have for their base one or the other of these two pre­
servatives. Creosote is a by-product of coal tar, which 
is produced at most plants for the manufacture of 
illuminating gas and at by-product coke-oven plants. 
This tar is' distilled and during the process the con­
densed vapors are run into three separate vessels and 
thus separated into the light oils of coal tar or naph­
thas, the dead oil of coal tar or creosote, and pitch. 
Creosote is not a simple substance like zinc chlorid. 
On the contrary, it contains a large number of con­
stituents of great chemical complexity. 
Wood tar, when distilled in a similar manner, gives 
"wood creosote," which like that derived from coal 
tar, possesses strong antiseptiC properties. There is 
also on the market a so-called creosote, a by-product of 
water-gas tar or tar manufactured from kerosene oils, 
which for wood preS'ervation is probably inferior to the 
true creosote. In general, however, by "creosote" is 
meant the dead oil of coal tar. 
Zinc chlorid is obtained by dissolving metallic zinc 
in hydrochloric acid. This is further diluted by water 
before it is used for wood preservation. 
Just as there are two preservatives in common use, 
so there are two principal methods of injecting them 
into the timber. These may be called the "pressure­
cylinder method" and the "open-tank method." A third 
process, known as the "brush method," is used to a 
more limited extent. 
The Pressure Processes.-Up to very recent times the 
pressure-cylinder method was used almost exclusively 
in the United States. With creosote it is known as' the 
Bethell process, and with zinc chlorid the name of 
Burnettizing is applied. The timber to be treated is 
placed on iron trucks or "cylinder buggies" and drawn 
by steel cables into huge horizontal cylinders, some 
of which are 8 or even 9 feet in diameter and more 
than 150 feet long. These are capable of withstanding 
high pressure, and their doors are so arranged that, 
after the timber is drawn in, they can be closed and 
hermetically sealed. It is common practice in this 
country�a practice which long experience in Europe, 
as well as in America, has proved to be unwise-to 
treat the timber before it has had time to dry out in 
the open air. The following is the usual method: 
After the doors are closed live steam is admitted into 
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the cylinder, and a pressure of about 20 pounds per 
square inch is maintained for several hours, the exad 
time depend ing upon the individual opinion of the 
operator, as well as upon the moisture content and 
size of the timber under treatment. In some cases 
the steam pressure is allowed to go considerably above 
20 pounds, but there is constant risk of injuring the 
strength of the timber. When the steam is at last 
blown out of the cylinder, the vacuum pumps are 
started and as much of the air as possible is exhausted 
from the cylinder and from the wood structure. This 
process also continues for several hours. Finally, after 
the completion of the vacuum period, the preservative 
is run into the cylinder and the pressure pumps are 
started and continued until the desired amount of 
preservative fluid is forced into the wood. The surplus 
preservative is then blown back into the storage tanks, 
the timber is allowed to drip for a few minutes, and 
finally the cylinder doors are opened and the tr'eated 
timber is withdrawn. 
The Open-tank Process.-The injection of the pre­
servative by the open-tank process depends upon a 
different principle.* The wood is first thoroughly sea­
soned, and much of the moisture in the cells and inter­
cellular space is replaced by air. If the timber is 
peeled soon after cutting, and stacked in open piles, 
the time required for seasoning can be greatly less­
ened. The seasoned timber, or that portion of it which 
is to be preserved, is immersed in a hot bath of the 
preservative contained in an open iron tank. This 
hot bath is continued for from one to five or six hours, 
depending upon the timber. During this portion of 
the treatment the air and moisture in the wood expand 
and a portion of them pass out, appearing as little 
bubbles on the surface of the fluid. At the end of the 
hot bath, as quick a change as possible is made from 
the hot to a cold preservative. This causes a contrac­
tion of the air and moisture remaining in the wood, 
and, since a portion of it had been expelled, a partial 
vacuum is created which can be destroyed only by the 
entrance of the preservative. Thus atmospheric press· 
ure accomplishes that for which artificial p ressure is 
needed in most of the commercial plants. Whether 
the open-tank or pressure-cylinder method is the more 
desirable depends upon the particular conditions of 
each case. Both methods have their particular uses 
and neither can always be wholly substituted for the 
other. 
The Brush Method.-A less efficient but cheaper 
treatment can be secured by painting the surface of the 
timber with at least two coats of hot creosote or some 
similar preservative.t The liquid may be applied with 
an ordinary paint brush, but care should be taken to 
fill thoroughly with the preservative all checks, knot 
holes, and similar defects. The liquid can penetrate 
only a very short distance into the wood, but as long 
as there remains an unbroken antiseptic zone around 
the surface, the spores of the wood-destroying fungi 
cannot enter. It is especially important in this method 
that the timber should be thoroughly air-dry before 
treatment. Otherwise the evaporation of water from 
the interior of the stick will cause checks to open 
up and so expose the unprotected wood to fungous 
attack. 
This process finds its principal use where the amount 
of timber to be treated is too small to justify the erec­
tion of even a small treating plant; where the land is 
so rugged, as in the building of mountain telephone 
lines, that it is impracticable to transport the timber 
for even short distances, or where it is necessary to 
restrict the cost of the treatment to the lowest possible 
figure. 
The Effect of Treatment on the Strength of Timber.­
The question is frequently asked whether or not the 
strength of timber is impaired by the processes in 
common use for wood preservation. No general 
answer to this can be given, since it depends alto­
gether upon the character and strength of the preser­
vative and the care with which it is injected. It is 
probable that creosote does not penetrate the wood 
fibers, but merely forms an external coating around 
them; hence, in itself, it cann'ot appreciably affect the 
strength of the timber. In general the Ultimate 
strength of treated timber depends, first, upon the per­
centage of moisture remaining in the wood; and, 
second, upon whether or not the wood has been sub­
jected to injuriously high temperatures during the 
preliminary processes of steaming and vacuum, if 
these processes were employed. The degree of tem­
perature which can be applied without risk of serious 
injury depends upon the duration of the temperature, 
the moisture content and quality of the wood, and upon 
the pressure to which it is subjected.:\: 
If proper care is observed in the treatment of the 
timber all danger of injury from excessive tempera­
tures can be avoided. The amount of moisture remain­
ing in the wood is therefore a point of greater impor­
tance. As the moisture in a piece of wood is reduced 
* See Forest Service Circular 101, "The Open-Tank Method for the 
Treatment of Timber. ,1 
t See Forest Service Circular 104, .. Ernsh and Tank Pole Treatments," 
:tDetailed discussions of the"" points will be fonnd in Forest Service 
Circular. N 08. 39 and 108. 
by drying, the strength of the wood increases, and as 
moisture is subsequently reabsorbed, the strength up 
to a certain limit is again reduced. Creosote retards 
both the absorption and evaporation of water; hence its 
presence in thoroughly seasoned wood exposed to humid 
conditions tends to conserve its strength, whereas, on 
the other hand, if it is applied to green wood the 
strengthening action of water-evaporation is retarded. 
Some processes tend to increase the moisture content 
of the wood and others to diminish it. Therefor'e, 
whether the strength of timber is increased or de­
creased during creosoting depends chiefly upon the 
process employed.* 
The effect which live steam at safe temperatures has 
upon the moisture content of wood is now being made 
the subject of a special study. It is safe to say, ·how­
ever, that during steaming the amount of ·moisture in 
air-dry timber is increased, with a consequent decrease 
in strength, and that the succeeding vacuum fails to 
remove all of the added moisture before the introduc­
tion of the preservative. With many kinds of air-dry 
timber, however, the steaming can be dispensed with 
altogether, and this is done in many commercial plants. 
Whether or not it can be omitted with all kinds of 
wood is not yet certain. 
These considerations, of course, do not apply to the 
open-tank method, or to similar processes where the 
timber is immersed directly in the hot preservative, 
without the preliminary steaming and vacuum. Im­
mersion in hot oil tends to evaporate some of the mois­
ture in the wood and so to increase its strength. 
Zinc chlorid and the other preservatives which are 
in water solution have a wholly different effect. Un­
less the wood structure is already filled with moisture 
to the point of saturation, more water is injected into 
it with the preservative, with the result, if the wood 
is partially seasoned, of decreasing its strength. The 
original strength may be regained, however, by sea­
soning. If the zinc chlorid is injected into the timber 
in too concentrated a solution it may cause a chemical 
dissolution of portions of the wood fiber, with the result 
of permanently decreas'ing the strength of the timber. 
But for the solutions in common use this danger need 
not be taken into consideration. 
Both creosote and zinc chlorid are excellent anti­
septics, and both can be obtained in large quantities. 
Creosote's principal point of superiority, however, lies 
in its insolubility in water. Hence, once it is injected 
into timber it will not wash out, no matter how wet 
may be the situation in which the treated timber is 
placed. On the other hand, zinc chlorid is much 
cheaper than creosote, and since it is shipped in the 
form of a solid the freight charges are considerably 
less than they would be for enough creosote to treat the 
same amount of timber. But zinc chlorid is soluble in 
water, being in fact injected into the timber in water 
solution, and so when timber treated with zinc chlorid 
is exposed to moisture the leaching out of the salt is 
only a question of time. Hence, zinc chlorid is most 
commonly used in comparatively dry situations. Creo­
sote, on the other hand, is used where the timber will 
be subjected to moisture. Moreover, creosote is one of 
the very few preservatives within commercial reach 
which offer absolute protection against the marine 
borers, which work such havoc among the wharves of 
the Atlantic, Gulf, and Pacific coasts. Since it is in­
soluble in water it can not wash out of the piles into 
which it has been properly injected, and since it is 
more than a mere external coating there is no danger 
of its being broken off by floating debris.t 
TENDENCY o�' WOOD PRES ERVATION IN THE UNITED STATES. 
In the United States the tendency in wood preser­
vation is to modify the processes rather than to change 
the preservatives. At present, creosote and zinc chlorid, 
pure or in mixture, are the only preservatives which 
are in general use. A constant effort is being made to 
overcome the chief drawbacks to the use of each of 
these. Processes have been developed which inVOlve 
the compression and expansion of the air in the wood 
structure to expel some of the expensive creosote, 
leaving only a film along the cell walls. The amount 
of oil left in the timber is reduced, and in consequence 
the cost of the treatment as well. In other cases zinc 
chlorid and creosote are mixed together and injected 
into the timber in the form of an emulsion, the object 
being to reduce the cost of the treatment and to pre­
vent the zinc chlorid from leaching out of the timber. 
Sometimes the timber is impregnated with zinc chlorid, 
and only a narrow outer layer is filled with creosote; 
or again, glue and tannin are employed in the effort 
to plug up the outer wood cells and so keep the salt 
in the interior. 
THE S AVING IN DOLLARS AND CENTS. 
No process to preserve timber can come into use 
unless it is certain that the outlay for the treatment 
,vill be more than offset by the longer service of the 
treated timber. It is difficult to give a general example 
* A discussion of the moisture content of creosoted wood may be found 
in Forest Service Circular 134, .. The Estimation of Moisture in Cl'eosoted 
Wood." 
t A more detailed discussion of this may be found in Forest Service 
Cirr'ular 128, uPre�ervation of Piling Against Marine Wood Borers." 
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of the saving· effected by treating certaIn timberl'f with 
preservatives, since it depends so largely IIpon local 
('onditions and the class of timher. The following ex­
amples of the saving which under certain eircumstances 
can be effected by proper preservative treatment are, 
however, typical, although they may not apply to other 
localities and to other kinds of timber without some 
modification: 
An untreated loblolly pine fence post cost about 8 
cents, or, including the cost of setting, 14 cents. Its 
length of life in this condition is about two years. 
Compounding interest at 5 per cent, the annual charge 
on such a post is 7.5a cents-that is, it cost 7.53 cents 
a year to keep such a post in service. If given a pre' 
servative treatment, which costs about 10 cents, the 
length of life of the post is increased to about eighteen 
years. The total cost of such a post, set, is then 24 
cents, which, compounded at the above interest rate, 
gives an annual charge of 2.04 cents. Thus the saving 
due to treatment is 5.49 cents a year. Assuming that 
there are 200 posts per mile, there is a saving each year 
for every mile of fence of a sum equivalent to the in 
terest on $219.60. 
The saving due to treating railroad ties is also 
worthy of consideration. A loblolly pine tie untreated 
is worth about 30 cents, and its length of life in this 
cond:fion is about five years. To this first cost should 
be added the cost of laying, which is about 20 cents, 
The annual charge figured as above is then 11.52 cents. 
If treated it will last for about twelve years. Its cost 
of treatment is about 35 cents. A treated tie in the 
traCk, therefore, costs about 85 cents. Compounded 
at 5 per cent, as in the above example, its annual charge 
is ;).48 cents. The saving per year is therefore 2.04 
cents per tie. Assuming 2,880 ties per mile of traCk, 
the saving due to treatment alone amounts to $58.75 
per mile, which corresponds to an investment of $1,175 
per mile. 
Assuming that the cost of an untreated oldfield or 
loblolly pine pole, including hauling and setting, is $5, 
and that it lasts five years-a fair estimate for many 
portions of the United States-the annual charge, com­
pounding interest at 5 per cent, amounts to $1.15. In 
other words, it costs the owner $1.15 a year for every 
such pole in his lines. This corresponds to a capital 
of $23 invested at 5 per cent interest, or, for a mile 
of 40 poles, to $920. Again, assuming that the butt 
of such a pole can be treated for $1, the first cost of 
the pole, set in the ground, is $6. The treatment may 
reasonably be expected to secure a service from the 
pole of twenty years, instead of five years when un­
treated. Thus, the annual charge on the treated pole, 
with the same rate of compound interest, is only $0.48 
per pole, which corresponds to an investment of $9.60; 
or $384 per mile, as compared with the $920 per mile in 
the other case. Thus during the life of the treated pole 
a yearly saving of the interest on $536 will be effected 
for every mile of line. 
It might be said that it is not positively proved that 
the treated poles will last twenty years, and that it 
will be necessary to wait un til the poles are finally 
removed before the length of their service can be de­
termined. A sufficient answer to this argument is that 
treated poles need to last only 1.6 years longer than 
untreated poles in order to justify the cost of treat­
ment. Moreover, there is abundant evidence to show 
the long life of creosoted wood. * Even in this country 
there are many examples of poles and other timbers 
creosoted twenty and even thirty years' ago, which to­
day are apparently as sound as when first set in the 
ground. In Europe, where wood preservation is an 
older industry, the results are still more marked. 
There have been failures, but in every instance they 
can be traced to incompetent or fraudulent work, in­
sufficient impregnation, improper preparation of the 
timber, or some similar cause. 
WHA'l' WOOD PRESERVATION CAN DO IN THE FUTURE. 
At the present rate of consumption the exhaustion of 
the supply of structural timbers in the United States 
is a thing of the very near future. Moreover, the cost 
of fence posts is an ever-incr'easing burden upon the 
farmer and stockman. In the case of structural tim­
bers telephone poles will serve as an example. Statistics 
gathered by the Forest Service show that in 1906 
more than 3,500,000 telephone and telegraph poles were 
cut. This includes only poles 20 feet and over in 
length, and ignores the far greater number of poles 
.and posts of smaller sizes. Of the poles cut, at least 
40 per cent, or nearly 1,500,000, were either of white 
cedar or of arborvitffi. 
Under average forest conditions it requires more 
than one hundred and ninety years to grow a 30-foot 
cedar pole. The average life of such a pole, when set 
in the ground in its natural state, does not exceed 
fifteen years. In other words, in order to meet even 
the present annual consumption there must be nearly 
thirteen trees growing in the forest for every 30-foot 
cedar pole standing to-day. A study of the rates of 
growth and the durability of other kinds of wood used 
for other purposes-ties, mine props, piling, etc.-shows 
* �ee Forest Hervicc Circular 981 H Quantity and Character of Creosote in Well Preserved Timbers.l1 
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that the consumption of structural timber greatly 
exceeds its production. Yet relief can be had in pro­
longing the length of service of the timber now being 
placed in position. Most of the cross-ties placed in the 
track to-day must be renewed within eight years. But 
if their life can be lengthened to fifteen years the bene­
fits of the preservative treatments are plain. It is 
estimated that 150,000 acres are required each year to 
grow timber for the anthracite coal mines alone. The 
average life of an untreated mine prop is not more 
than three years. By proper preservative treatment it 
can be prolonged by many times this figure. Poles 
which in ten or twelve years, or even less, decay so 
badly at the ground line that they have to be re­
moved can, by a simple treatment of their butts, be 
made to last twenty or twenty-five years. The same is 
true of fence posts and other timbers exposed to direct 
contact with the soil. Sap shingles, which are almost 
valueless in their natural state, can be easily treated 
and made to outlast even painted shingles of the most 
decay-resistant woods. Thousands of dollars are lost 
every year by the so-called "bluing" of freshly sawed 
sap-wood lumber. This can often be prevented by 
proper treatment and at a cost so small as to put the 
method within the reach of the smallest operator. 
Millions of feet of insect and fire-killed timber in the 
West are standing untouched in the forest. under 
present conditions this timber is not only useless, but 
is an actual detriment to the forest. Much of this 
dead wood possesses all the requirements of high-grade 
structural timber, with the single exception of dura­
bility. Often where dead timber is most abundant 
there is an almost complete absence of the naturally 
durable kinds of wood, and timber for structural pur­
poses-ties, mine timbers, poles, posts, etc.-must be 
transported long distances at heavy expense. The 
thorough seasoning of several years has strengthened 
the dead wood and put it in an excellent condition for 
treatment. Fortunately, most of it is of a kind which 
readily absorbs the liquid preservatives, and so is well 
adapted to successful impregnation. Therefore, ex­
pensive pressure plants are, in most cases, unnecessary, 
and the cost of erecting and operating a small open­
tank treating plant is surprisingly low. In the South 
the cheap and abundant lobolly pine, one of the easiest 
of all woods to treat, can by proper preparation be 
made to take the place of the high-grade longleaf pine 
for many purposes. Black and tupelo gums and other 
little-used woods have a new and increasing importance 
because of the possibility of preserving them from 
decay at small cost. In the Northeastern and Lake 
States are tamarack, hemlock, beech, birch, and maple, 
and the red and black oaks, all of which by proper 
treatment may help to replace the fast-diminishing 
white oak and cedar. In the States of the Mississippi 
Valley the pressing fence-post problem may be greatly 
relieved by treating such species as cottonwood, willow, 
and elm. 
HYDROGENIT. 
A NEW process for manufacturing hydrogen gas for 
aeronautic purposes is based on the decomposition of 
water at ordinary temperature by a specially pre­
pared aluminium compound, made of aluminium 
filings, to which are added a small quantity of bichlo­
ride of mercury and cyanide of potash, both pulver­
ized. This compound forms a coarse metallic pow­
der, giving out a small amount of heai. Its apparent 
density is 1..42, and it keeps indefinitely in an air­
tight vessel Its most remarkable property is its 
action upon water. One kilo (2.2 pounds) of this 
compound, treated with an excess of water, produces 
about 1,300 liters (39 cubic feet) of hydrogen gas at 
a temperature of 15 deg. C. (59 deg. F.). About 800 
grammes (28 ounces) are sufficient to produce 1 
cubic meter (35.37 cubic feet) of gas. On account of 
this peculiarity it is called hydrogenit. 
To produce the gas, the compound is placed in a 
receiving vessel, and a small amount of water is 
added to it. After a few seconds the reaction begim3, 
making itself apparent by a progressive rise in tem­
perature. This production of heat regulates the rapid­
ity of the decomposition of the water, which is the 
more thorough the higher the temperature of the re­
acting products, although it should not surpass 80 deg. 
C. (176 deg. F.). By keeping the temperature at 
about 70 deg. C. (158 deg. F.) by the introduction of 
a variable quantity of water, the amount of the alumi­
nium in the compound will become thoroughly oxi­
dized in two hours.-Genie Civil 
An interesting discovery is stated to have been made 
by a wharf builder of San Francisco who was rebuild­
ing an old wharf in which the piles had been badly 
destroyed by borers-Teredo navalis. One pile was 
found to be thoroughly sound, and a careful investi­
gation of the cause of this exception revealed the fact 
that the pile had been used to support a live wire. 
He then carried out experiments with electricity upon 
wooden piles, and discovered that the teredo would 
not bore into a pile in which a very small current 
was maintained. 
ELECTRICAL NOTES. 
A system has recently been invented by an American 
named Mr. C. :B--ish, of supplying the necessary red 
and yellow rays in the mercury vapor lamp. The rays 
from the latter are projected on to a glass reflector in 
such a way that the reflected rays mingle with light 
passed directly through the light-transmitting reflector 
from a source placed on the opposite side. The red 
and yellow rays are usually supplied by ordinary in­
candescent electric lamps. 
The Electrical World states that the company which 
is working the 40,OOO-kilowatt hydro-electric plant at 
Nottoden, Norway, for the fixatioR of atmospheric 
nitrogen by the Birkeland and Eyde process will 
shortly make an addition of no less than 200,000 horse­
power to its manufacturing capacity. The present 
plant produces nitrites for the textile industry, and 
the new plant will manufacture nitrite for agricultural 
purposes and also nitric acid. The present plant, 
which consists of four 10,000-kilowatt generators, has 
been very successful in its technical operation, while 
the product has been disposed of at a profitable price 
almost invariably in advance of production. 
On the Teltow canal in Germany, where the boats 
are propelled by electricity, an ingenious rogue has 
conceived the idea of making use of the electric cur­
rent for obtaining a supply of fish. All that was 
necessary was to attach one end of a piece of wire to 
the electric feed wire and dip the other end in the 
water. All the fish within a radius of 30 feet were 
instantly paralyzed and could be caught easily with 
a scalp net. The trick is not a new one. It had 
already been employed on the Aire canal by French 
poachers but it is doubtful if they originated it. It is 
probable that the inventor of the device has never 
made a claim of priority. 
In an article on the discharge of electricity through 
gases in the May number of the Journal de Physique, 
M. P. Villard, after a critical examination of the pres­
ent view that the luminous phenomena are due to ioni­
zation or recombination, comes to the conclusion that 
the opposite is the case, ionization producing dark­
ness rather than light. His own experiments lead him 
to the further result that the positive column is not 
an assemblage of independent particles, but an object 
of the nature of a vortex filament behaving like a 
flexible and extensible conductor, only capable of ex­
isting in gas ionized to an extent lying between cer­
tain limits, but within these limits becoming more 
prominent and stable as the current is increased. The 
arc and electric spark, according to M. Villard, are 
intense discharges in which the positive column plays 
the most important role, the negative phenomena hav­
ing disappeared, while in the vacuum tube discharge 
the opposite holds. 
To reduce refractory material such as alumina, ms.g­
nesia, and silica in the electric furnace, says the Elec­
trician, the following conditions are necessary: (1) 
The temperature should be brought nearly t o  the point 
of decomposition by the employment of the oxide and 
finely divided carbon in definite proportions. (2) The 
reduced metal should be immediately carried from the 
high temperature to a low temperature zone, these be­
ing in the case of aluminium about 3,000 deg. C. and 
800 deg. C. respectively. A furnace, recently patent-
ed in the United States, by E. Viel, consists essentially 
of carbon plates. Its bottom is built on a sharp inclina­
tion and at its lowest part water circulation is fitted. 
The material is placed in a hopper, at the upper part 
of the furnace, which is connected to the lower half 
by a helix through which the material passes. Two 
electromagnets fitted on the carbon carriers operate 
the arc, which plays on the material inside the fur­
nace. By the use of suitable mcthods the arc may 
be directed to any one part of the furnace so that the 
material is quickly brought to a high temperature and 
descends rapidly toward the cool zone. 
In countries which possess an abundant source of 
cheap power in the form of waterfalls, employment of 
electricity in cooking is recommended by its sim­
plicity, convenience, and cleanliness. The following 
examples of its use are cited by L'Industrie Electrique: 
Partly in consequence of the difficulty of obtaining 
fuel, but mainly for reasons of convenience, electric 
kitchens have been installed in two Alpine hotels, one 
at Moserboden, in the Tyrol, the other at the Mer de 
Glace of the Jungfrau, in Switzerland, at an altitude 
of nearly 10,000 feet. At Moserboden 93.4 kilowatts, 
at 120 volts, are employed for the service of two kitch­
ens and the hot water supply of the hotel One kitchen 
contains a 16-gallon boiler for meat and soup, and a 
12-gallon boiler for potatoes; the other kitchen is 
equipped with two roasting and baking ovens and a 
coffee roaster. The hot water service, which includes 
the laundry, requires four boilers with an aggregate 
capacity of 550 gallons. The installation at the Jung­
frau hotel is of similar character. Here the current, 
at a tension of 125 volts, is furnished by a transformer 
connected with the trolley wires of the Jungfrau 
ra.ilway. 
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TRADE NOTES AND FORMULA:. 
Moldable and Plastic Asbestos Mass. -The asbes· 
tos is reduced to a powder, from which, by an admix­
ture of water, a uniform mixture is produced; then, 
while stirring, more water is added, so that a paste 
is fonned, which is allowed to stiffen by drying, until 
the mixture attains the required plasticity. Out of 
this mass, objects may be formed, especially filter 
material for the filtration of wine, vinegar, acids, and 
other fluids, which, after being dried for a time, can 
be burned out in a furnace. 
Quick�Hardening and Slow-Hardening Cements.-A 
quick-hardening cement, for wood, glass, porcelain and 
metal, that resists water fairly, can be made from a 
mixture of finely powdered litharge and glycerine. A 
slowly hardening cement, on the other hand, is made 
by mixing cement and 25 per cent of brick dust, with 
sour milk to a thick paste. For stone and garden 
statuary, this cement is excellent; it is, however, pre­
ferable to first coat the objects to be cemented with a 
dilute solution of water glass.-Seifensieder Zeitung. 
To Give Copper Goods a Fine Red Finish.-F"ine cop­
per goods are first hammered until matt, then painted 
inside with salt water, but outside- with a lye made 
from 1 part vine twig ashes, 2 parts ammonia and 9 to 
12 parts of water. The coated articles are heated over 
a charcoal fire and slowly immersed in clean water. 
Then treat them with ordinary pulverized rouge, rub 
them with a leather to which whIte wax has been 
applied and hammer them. Objects that are not to be 
tinned may be treated with a mixture of 3 parts of 
fresh milk and 1 of water, mixed with rouge, applied 
lightly and allowed to dry thoroughly. 
Argentine for silvering copper and brass is made 
as follows, according to Tollner: 30 puts of nitrate 
of silver are dissolved in 100 parts of distilled water. 
Then add, while stirring, a solution of 10 parts of 
chloride of sodium in 100 parts of distilled water, as 
well as a triturated compound of 65 parts of washed 
chalk, 30 parts of tartaric acid, 150 parts ammonia 
fluid (0.960), and 60 parts distilled water. The mix­
ture must be kept in a dark place. In using the 
mixture, the copper, brass, or copper-plated iron arti­
cles to be silvered must be thoroughly cleansed with 
spirit of salammoniac and well rubbed with the 
argentine, which must be vigorously shaken up, ap­
plied with a soft woolen cloth, until it shows a bright 
silver coating. Then it must be washed off with warm 
water. Under the same name, another silvering mix­
ture is known, consisting of a solution of cyanide of 
silver in concentrated cyanide of potash solution, 
mixed with some washed chalk. (Very poisonous; use 
with care.) 
To Transfer Copper Plate Prints or Lithographs 
to Wood.-Only hard, fine-grained woods, chestnut, 
lime tree, maple, and white birch can be used and 
must be prepared by rubbing down with ordinary 
linseed oil, carefully dried and warmed over a char· 
coal fire and drying again. The copper plate print 
must be a clear print and clean, and must be softened 
by soaking in salt water. In the meantime the wood 
surface must be uniformly, but thinly, coated with 
varnish (50 parts sandarac, 25 parts of fine shellac, 
12 parts of Venice turpentine and 300 parts of alco· 
hol). When the last coat of varnish is dry, remove 
the print from the salt water and lay it on blotting 
paper. In the meantime prepare a good straight 
board, well smoothed, not warped and somewhat 
larger than the print, which must be heated over hot 
coals; give the wood surface its last (fourth) coat 
of varnish, also apply a coat to the picture side of the 
print, and at once place it with its varnished side on 
the varnished wood, lay a piece of thick flannel with 
the heated board on it and compress it with hand­
screws. The varnish must .not have dried before the 
pressing. After two or three hours remove the hand­
screws. Remove the paper carefully with water, rub­
bing with a sponge and the finger. Finally apply a 
thin coat of linseed oil to the paper and rub it off. 
When finished, dry dustless and coat with polishing 
varnish. 
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